Objective-To determine whether 'spiking' or angulation of the tibial tubercle is associated with other radiographic markers of osteoarthritis (OA) or pain in the knee joint, and could be taken as a reliable marker for early OA, in a large general population sample. Methods-A total of 950 women from the Chingford general population survey underwent anteroposterior extended weight bearing radiography of the knees. Angulation of the tip of the medial and lateral tubercles, and height of the tubercles above the tibial plateau were measured. These measures were compared with standard radiographic indices including qualitative Keligren and Lawrence global score, individual scores of osteophytes and joint space narrowing, and pain score. Intraobserver and interobserver reproducibility for assessment of spiking was tested in a subgroup of 50 films using two observers and two readings. Tibial spiking (angulation and height) was defined for this study as the top 10th centile for the whole population. Patients with normal radiographs (Keligren and Lawrence grade 0) were allocated to quartile groups on the basis of spiking to define severity. Odds ratios were then calculated for the association of spiking and knee pain. Results-The majority of the measures of tibial spiking were highly reproducible.
Lawrence global score, individual scores of osteophytes and joint space narrowing, and pain score. Intraobserver and interobserver reproducibility for assessment of spiking was tested in a subgroup of 50 films using two observers and two readings. Tibial spiking (angulation and height) was defined for this study as the top 10th centile for the whole population. Patients with normal radiographs (Keligren and Lawrence grade 0) were allocated to quartile groups on the basis of spiking to define severity. Odds ratios were then calculated for the association of spiking and knee pain. Results-The majority of the measures of tibial spiking were highly reproducible.
There was a significant correlation between tibial spike angulation and the presence of osteophytes, but not joint space narrowing. The correlations for spike height with osteophytes and joint space narrowing were poor. There was an association between spike angulation at the lateral tubercle and reported knee pain (odds ratio 1l45 (95% confidence interval 1*03 to 2*03)) after adjustment for age, body mass index, and Keligren and Lawrence score. There was no association between medial spike angulation or spike height and pain. Among the 950 women, 683 (72%) had normal radiographs (Kellgren and Lawrence = 0); in this group there was a similar association between pain and lateral spike angulation, but not medial spike angulation or spike height. Conclusions-Tibial spiking is associated with the presence of knee osteophytes and is reproducible, but does not have a strong independent relationship with knee pain. In patients with normal radiographs there is no useful correlation between tibial spiking and pain. Isolated tibial spiking is not a reliable sign of early knee OA, and should not routinely be reported.
(Ann Rheum Dis 1996; 55: 105-108)
The diagnosis of osteoarthritis (OA) of the knee for epidemiological purposes is traditionally based upon the radiographic appearance. Population surveys have shown that radiographically determined OA of the knee is present in between 14 and 30% of subjects older than 45 years and thereafter increases steadily with age.' 2 The most widely used definition, the Kellgren and Lawrence scale,3 places particular emphasis on the presence of osteophytes rather than joint space narrowing; osteophytosis is the most prevalent radiographic feature of OA at the knee joint.4 Recent studies have demonstrated the presence or absence of osteophytes to be the most reliable radiological marker for OA of the knee in the general population. 5 6 The most important aspect of any early definition of OA is reliability in the detection of early disease features; early definition in OA is important for all studies of secondary disease prevention. It has been reported in radiological texts that 'spiking' or angulation of the tibial tubercles is a reliable marker of early OA of the knee,7 8 The intraobserver and interobserver reproducibility for measures of tibial spiking was tested on a subgroup of 50 knees randomly selected from the cohort. After a combined training session these were read as detailed above on separate occasions at an interval of two weeks. All repeat readings were made by observers blind to the original assessment, and no markings were allowed to be made on the radiographs on any occasion.
To define spiking, cutoffs for grades of spike height and angulation were chosen to approximate the 1 0th centile of their distribution in the whole population. The subpopulation with normal radiographs (Kellgren and Lawrence grade 0) were divided into quartiles based on spiking. The odds ratios for an association between spiking and knee pain could therefore be calculated. As an example, if the odds ratio was calculated to be 2-0 for this association, the presence of spiking in a subject would double the likelihood of that patient reporting knee pain.
As previous studies have demonstrated obesity to be a significant risk factor for knee OA,12 13 the women were divided into tertiles of BMI for the whole population. The association between tibial spiking and the upper tertile of obesity was compared with that for the middle and lower tertiles.
Results Table 1 shows the reproducibility of measures within and between the two observers. There was good agreement for most measures, with K values greater than 0-6 for most readings. Reproducibility was poorest for measurement of lateral spike angulation, with K values between 0 5 and 0-6. Table 2 shows a comparison of tibial spike angulation and height with other radiological indices of OA. There was a strong association between tibial spike angulation and Kellgren and Lawrence score or peripheral osteophyte score. Lateral spike angulation showed a correlation with medial, but not lateral, joint space narrowing and medial spike angulation was not associated with joint narrowing. The correlation for spike height and other radiological features was weaker.
The association between obesity and knee pain (both important features of knee OA) and the presence of tibial spiking was examined (table 3) . There was a significant reduction in spike angulation in association with obesity (p < 0 001 for comparison of the upper and lower tertiles of obesity at the medial and lateral angles) and a corresponding increase in spike height that was weaker (p < 0 01 at the medial and lateral heights). In patients who were 1-47 and 1-1 1 at the lateral and medial angles, respectively, and 1 -16 and 1-04 at the lateral and medial heights, respectively ( Measurement of tibial spiking by the method described showed good interobserver and intraobserver reproducibility, with the exception of lateral spike angulation. We have previously demonstrated high reproducibility for standardised radiological measures of OA, including Kellgren and Lawrence score and the presence of osteophytes. 5 The primary purpose of this study was to examine whether tibial spiking as an isolated radiological feature is indicative of OA at the knee. At present, we lack a gold standard of early radiological OA for comparison; however, most observers would agree that, for a radiological feature to be relevant to the disease, knee pain should be associated with that feature. We found an association between lateral spike angulation and the presence of pain, though this was not seen for medial spike angulation or spike height on either side. The odds ratio for pain using either a 10th centile cutoff for spiking in the population as a whole, or the worst quartile for spiking in those with normal radiographs, confirmed a weak association between lateral spike angulation and the presence of pain. There was no association between medial spike angulation or spike height and pain. We have previously examined the association between knee pain and osteophyte formation5 and showed an odds ratio for pain of 3-73 (95% CI 2-60 to The association between tibial spiking and obesity in our study was not unexpected, given the association between obesity and both prevalence and progression of knee OA (as defined by osteophytes) in a number of studies. '2 13 The association between tibial spiking and osteophytosis in the present study suggested that a similar association with obesity would result.
This cross sectional study has examined a large female population, and for completeness it would be necessary to evaluate tibial spiking further, longitudinally, in a population without OA (Kellgren and Lawrence = 0), to include the occurrence of established OA (Kellgren and Lawrence . 2) in that population up to five years later. Similarly, arthroscopy or magnetic resonance imaging in patients with tibial spiking would detail actual articular cartilage loss as assessed indirectly by joint space narrowing in the present study.
In summary, our study has confirmed an association between spiking or peaking of the tibial tubercle and the presence of lateral and medial osteophytosis and obesity, with a weak independent association between knee pain and spike angulation at the lateral tubercle only. Isolated tibial spiking is therefore not a reliable marker for the presence of knee OA and should not routinely be reported. 
